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ABSTRACT 

We present results from a spectroscopic study of ~4000 galaxies in a ~ 6.2 deg^ field in the direction 
of the Aquarius supercluster and a smaller typical field region in Cetus, down to i? < 19.5. Galaxy 
redshifts were measured using the Two Degree Field system on the Anglo-Australian Telescope, and 
form part of our wider efforts to conduct a spectro-photometric and weak gravitational lensing study 
of these regions. At the magnitude limit of the survey, we are capable of probing galaxies out to 
z ~ 0.4. We construct median spectra as a function of various survey parameters as a diagnostic of 
the quality of the sample. We use the redshift data to identify galaxy clusters and groups within the 
survey volume. In the Aquarius region, we find a total of 48 clusters and groups, of which 26 are 
previously unknown systems, and in Cetus we find 14 clusters and groups, of which 12 are new. We 
estimate centroid redshifts and velocity dispersions for all these systems. In the Aquarius region, we 
see a superposition of two strong superclusters at z = 0.08 and z = 0.11, both of which have estimated 
masses and overdensities similar to the Corona Borealis supercluster. 

Subject headings: cosmology: observations — large scale structure of universe — dark matter — 
galaxies: distances and redshifts — gravitational lensing 



1. INTRODUCTION 

Over the past few years our understanding of the 
large scale distribution of galaxies has advanced greatly. 
With current spectroscopic surveys of the local galaxy 
population {z ~ 0.1), such as the 2dF Galaxy Red- 
shift Survey (2dFGRS; iColless et all 12001)) approaching 
250,000 galaxies, and the ongoing Sloan Digital Sky Sur- 
vey (SDSS; Strauss ct al. 2002) set to capture the spectra 
of a million galaxies, statistical errors on key quantities 
of interest are fast becoming diminutive. A major goal 
of these surveys is to make accurate measurements of the 
large-scale distribution of matter density fluctuations in 
the Universe and so measure the cosmological parame- 
ters. 

However, since one is not probing the matter directly, 
but instead some population of objects that merely trace 
the mass, e.g., galaxies of a particular luminosity class, 
spectral type etc., it is necessary to make some assump- 
tions about the way in which these two distributions 
are related - or more commonly biased. In recent work 
l|Tegmark etal]l2004l IPercival et ani2004D . it is assumed 
that there is a certain large scale, ~ 20/i~^Mpc or so, 
above which the galaxy tracers and mass are related by 
a simple scale independent constant bias. Whilst this 
may indeed turn out to be correct, it is important to 
establish the veracity of this assumption through direct 
observation, if redshift surveys are to be trusted as pre- 
cision cosmological probes. 

Weak gravitational lensing provides the most exciting 
progress towards solving this problem. The weak distor- 
tions in the shapes of faint background galaxies due to 
the gravitational deflection of light bundles as they travel 
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through distorted spacetime provides a direct probe 
of the projected mass distribution fe. g.. iKaiseil 119921: 
iKaiser fc Squire£lll993D. More recentlv iBacon fc Tavlod 
()2003(1 and iTavlor et all 1)20041) have shown that if one 
has redshift information for all galaxies, then one may 
also reco nstruct the 3D ma ss distribution. 

Also, iSchneideil 1)19981) has developed a method 

for exploring t he bia s. This has been applied by 

iHoekstra et al.l ()200lL I2002D . who found on scales < 
5/i~^Mpc, that the bias was scale-dependent, with pos- 
itive bias on scales < 0.25ft.~^Mpc, anti-bias on scales 
^ l/i~^Mpc and almost no biasing at the limits of their 
survey. If all of the systematics in this work are un- 
der control, then thi s is strong suppo rt for the 'Con- 
cordance cosmology' dWang et al.ll200n^ . which requires 
bias of this kind to match the galaxy clustering statistics 
()Benson et al. 2000; Peacoc k fc Smith 200Q). 

A complicating factor in the analysis is that the lens- 
ing effect depends on the geometry of the system and one 
therefore requires knowledge of the spatial distribution of 
the lens and source galaxy populations t o obtain accu- 
rate measurements. However, as Hockst ra et al.l l)200lL 
l2002^ have shown, if one has redshift information for the 
lens galaxies only, then one may make good progress 
through assuming an appropriate redshift distribution 
for the background lens galaxies. 

In a series of papers, we perform a combined weak 
lensing and spectro-photometric study of a supercluster 
and also a control field region with the specific aim of 
uncovering detailed information about bias over a wide 
range of scales and environments. We intend to bridge 
the gap between having no and full spatial information 
along the light cone, by measuring spectra for the fore- 
ground galaxies. In this, the first paper of the series, we 
present the spectroscopic part of the survey. In a subse- 
quent paper we will describe our deep photometric and 
weak lensing analysis of the regions, and in a further pa- 
per we will combine all of the data to directly answer the 
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above questions. 

Using the 2dF instrument on the AAT we have mea- 
sured the spectra for a significant fraction of all galaxies 
in the survey regions, down to i? < 19.5. From these 
data we determine redshifts through cross-correlating 
each spectrum with a set of standard galaxy and stellar 
templates. We then determine the redshift space distri- 
butions for the two survey regions, finding marked dif- 
ferences between them. As a by-product of this work, we 
have used the full redshift space sample to compile new 
lists of cluster candidates for the regions, and this is the 
subject of the latter part of the paper. For these cluster 
candidates we estimate redshifts and velocity dispersions. 

The paper is broken down as follows: In § |21 we de- 
scribe the survey and the spectroscopic target catalogs. 
In §121 we describe the observations and data reduction. 
In § 0] we describe the redshift estimation procedure and 
then present some interesting properties of the spectro- 
scopic sample. In § |S1 we use the sample to establish 
clusters within the survey. Here, we also provide an up- 
dated cluster catalog for the Aquarius region. In §|Slwe 
give estimates of the centroid redshift, velocity disper- 
sion and asymmetry index of each cluster candidate. Fi- 
nally, in § |H1 we discuss our findings and summarize the 
results. Throughout this paper we have assumed con- 
cordance cosmology (Wang ct al. 2000) with flm — 0.3, 
Qa — 0.7, where flm and flA represent the matter and 
vacuum energy density parameters at the present epoch. 
All celestial coordinates are given for epoch J2000.0. 

2. SURVEY DESCRIPTION 

The survey comprises deep photometric imaging and 
spectroscopy in two regions: the supercluster in the di- 
rection of Aquarius [a — 23''15'", S = —22°], which is 
of general interest; and a typical field region in Cetus 
[a = 02''19™,(5 = -8°5Q']; hereafter referred to as the 
Aquarius and Cetus regions. The Cetus region was cho- 
sen to coincide with one of the SDSS southern strips. 
In the future this will provide us with additional multi- 
colour photometry and spectra. The deep photometric 
observations are being carried out on the ESO 2.2m tele- 
scope at La Silla, using the Wide Field Imaging Camera 
(WFI) and the spectroscopy is being carried out using 
the 2dF multi-fiber-object spectrograph on AAT. 

The Aquarius supercluster was firmly established by 
iBatuski ct al. ( lOOgj, previously being noted as one 
of th e highest concentrations of rich clusters on the 
skv llAbdl IT96lt IMurrav et all IToTat ICiardullo etaP 
119851 lAbell. Corwin fc OlowinI 119891 hereafter ACQ). 
From spectroscopy. iBatuskTet al.l deduced that the 
core of the supercluster contained five richness class 
R > 1 ACQ clusters: A2546, A2554, A2555, 
A2579 and A3996; making the Aquarius superclus- 
ter even denser than the most massive superclusters 
at lower redshifts, such as the Shapley supercluster 
(jRavchaudhurv 1989) and the Corona Borealis super- 
cluster ( Postman. Geller fc Huchrall986|) . More recently 
a study of the region was undertaken by ICaretta et al.l 
((2002, hereafter Caretta02), who used projected galaxy 
distributions and follow-up spectroscopy to compile a list 
of 102 cluster candidates over ^80 deg^. There also ex- 
ists archival Chandra and/or ASCA data for 10 of the 
Aquarius clusters. 

Fig n presents the survey regions. The Aquarius field 



comprises 20 overlapping WFI pointings, covering an an- 
gular area of ~6.2 deg^, which at the median redshift 
of the spectroscopic survey, {z ~ 0.176), corresponds to 
scales of the order 30 Mpc x 15 Mpc. Out to the 
effective limit of the survey (z ~ 0.45), the comoving vol- 
ume surveyed in the Aquarius region is 1.0 x lO^h^^Mpc^ . 
The Cetus field comprises 12 overlapping WFI pointings, 
covering an angular area of ~3.7 deg^, which again at the 
median redshift of the spectroscopic survey corresponds 
to transverse scales 20 h~^Mpc x 20 h~-^ Mpc; and out 
to the effective survey limit, a comoving volume of 5.6 
xlO'^ h-^Mpc^. 

Within the Aquarius fields we have identified 23 known 
clusters (Caretta02), 5 of which have no redshift esti- 
mate. This corresponds to an average surface density 
of 3.7 clusters deg~^. In contrast, the Cetus region was 
chosen to contain only one Abell cluster, which had a 
richness class R = and distance class D = 6. This gave 
an average 0.27 clusters deg~^. Since the mean surface 
density of Abell clusters over the whole sky is ~0.2 clus- 
ters deg~^, we are justified in our assertion that the Cetus 
region is indeed a 'typical' patch of sky. We note that 
there is an additional known cluster, RX J0223. 4-0852, 
within the field, and an Abell cluster, A348 {z = 0.27), 
that glances the Eastern edge of our 2dF survey region. 

2.1. The Spectroscopic Input Catalog 

The spectroscopic target s were taken from th e Super- 
COSMOS'^ on-hne catalog lIHamblv et al.l2001aD . We se- 
lected all objects down to a magnitude limit of i? < 19.5. 
For R < 19, the image classification is > 90% reliable and 
for R < 19.5 this drops to > 80% (Hamblv ct al. 2001b). 
On inspecting the data we found that faint satellite trails 
still remained in the catalog. These were removed by 
matching objects from the R and bj plates, which were 
observed at separate epochs. The astrometry of the Su- 
perCOSMOS R-band data has a measured positional ac- 
curacy to better than ±0.2 '^ at it! ^ 18, de teriorating 
to ±0.3" at i? - 21 ( Ha mblv et all l2001b|) . and this 
was of sufficient accuracy for the requirements (2" fiber 
diameters) of the 2dF instrument. We then corrected 
the R magnitudes for absorpt i on usi ng the dust maps of 
ISchleeel. Finkbeiner fc Davi^ (jl998|) . For the Aquarius 
region we used an extinction correction Aji ~ 0.074, and 
for Cetus we used Ap ^ 0.07. 

Taking M^r - 5 logn, h = -20.83 ()Blanton et al.l2003j) . 
then for galaxies at the flux limit of our survey (i? = 
19.5) we are capable of probing galaxies out to 
z ~ 0.4, or equaivalently angular diameter distances of 
^ IGpc, where we have assumed a if-correction ~ 0.5 
(IColeman. Wu fc WeedmallTMil) . 

To acquire spectra of sufficient quality for precise 
redshift estimation, we followed the 2dFGRS strategy 
and aimed to obtain spectra with a minimum signal- 
to-nois e (S/N) ^10 . For galaxies with a S/N of this 
order, iCoUess et al.l l|200H) found a redshift complete- 
ness > 90%. For objects at the survey flux limit and 
and in poor seeing conditions, we estimated that these 
S/N levels could be reached for 6500 s integrations. 
However, for galaxies one magnitude brighter, a simi- 
lar S/N was achieved in roughly half the time. To op- 

The on-line SuperCOSMOS archives can be found at: 
|http : //www-wf au ■ roe ■ ac . uk/sss/ | 



Spectro-photometric study of a supercluster and field region 



3 




o 

o 
o 



0.1 



0.2 



23"24' 



,5m ^^m Qgm Qgm 

RA [J2000] 



• 




















▲ 

• 














• 














































• 




































• 








i 


M 


• 






▲ 










1 • 








• 










• 






• 











24-^ 



21"" 18"" 
RA [J2000] 



15'' 



12" 



Fig. 1. — Survey regions. The left panel shows the Aquarius supercluster region and the right panel shows the typical field 
region in Cetus. In both panels the contiguous thick square tiles correspond to the field of view of the WFI camera (33' x 34'), 
and de-mark the survey boundaries. Overlaid on both plots are known clusters; those that have had redshifts measured are 
represented by circles, where the size and shading of the circle is in proportion to the Abell radius and redshift of the cluster; 
and those with no previous redshift estimate are identified as triangles. Filled black circles represent field stars brighter than 
V — 8.0, where the size of the circle increases with increasing brightness. 



timize the use of telescope time, the spectroscopic ob- 
servations were split into two sets: short exposures for 
bright (i? < 18.5) galaxies; and longer exposures for faint 
(19.5 < R < 18.5) galaxies. Fig|21 top panel, presents 
the input catalog for the bright Aquarius galaxies and 
the bottom panel shows the faint. For the Aquarius cat- 
alogs we identified 3441 bright galaxies and 5246 faint. 
Similarly, for the Cetus region catalog we identified 1414 
bright galaxies and 1881 faint. 

3. SPECTROSCOPIC OBSERVATIONS AND ANALYSIS 
3.1. Fiber Configurations 

For the Aquarius field, six overlapping 2dF pointings 
were chosen to cover the target area, and for the Ce- 
tus field, the whole target area was contained within a 
single 2dF centre. Owing to the high surface density of 
sources, ^1400 deg~^ in the Aquarius region and ^--^1048 
deg~^ in the Cetus region, multiple 2dF pointings of 
each of the chosen centres were required to target all 
of the galaxies in each field. In full operational mode 
the 2dF is capable of acquiring the spectra of 400 ob- 
jects simultaneously. The fiber arrangements for individ- 
ual fields were pre-configured using the observatory sup- 
plied software package CONFIGURE. For a full description 
of the 2dF instrument and configuring for dense fields see 
Hailcy. Glazcbrook & Bridges (2002, hereafter BGB02). 

For the bright galaxy fields we typically allocated 360 
fibers to target objects and 40 to sky (20 per spectro- 
graph) . For the faint galaxy fields we increased the allo- 
cation of sky fibers to 30 per spectrograph. This increase 
was to ensure accurate sky subtraction for the faint spec- 
tra. We discuss this further in § 13.31 Also as part of our 
allocation strategy, there was a small chance that a few 
objects would be re-observed. As we describe later in 



§ 13.41 this small number of repeat observations enabled 
a useful test of the redshift estimation procedure. 

3.2. Observing 

Observations were carried out between October 29 and 
November 2, 2002 at the AAT. The 2dF spectrographs 
were configured with the 316R and 270R gratings. This 
pan' gave FWHM resolutions of 8.5 and 9.0 A per pixel, 
respectively, and an efficiency > 70% for the wavelength 
range 5000-8500 A. For the bright catalog galaxies, indi- 
vidual pointings comprised: calibration frames, consist- 
ing of a tungsten lamp flat field exposure, followed by a 
CuHc+CuAr arc lamp exposure; 3 x 1000 s exposures of 
the target field. The target spectra were acquired as a se- 
ries of snapshots to facilitate the removal of cosmic rays. 
For the faint catalog galaxies, the procedure was identi- 
cal except that 5 x 1300 s exposures were taken and also a 
further arc lamp calibration was taken at the end of the 
observation. In total, we acquired 6800 target spectra. 

3.3. 2dF Data Reduction 

All data reduction was performed using the latest ver- 
sion of the AAO-supplied software package 2dFDR-V2 . 3 
(for details, see BGB02). In brief, the reduction recipe 
that we adopted was as follows: The data were de-biased. 
Bias strips were trimmed from the data frame and the 
mean of these was subtracted from the data. The fiber- 
flat fleld frame was then used to generate tram-line maps 
for the data. Since the accurate determination of these 
was crucial to achieving reliable reduction, they were 
carefully inspected at each stage in their generation. 

The spectra were then extracted using the FIT rou- 
tine, which performs an optimal extraction based on 
fitting overlapping Gaussian profiles to a fiber fiat-field 
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Fig. 3. — Top panel shows the median sky spectrum. Bot- 
tom panel shows the median residual sky (solid line) and the 
mean+lcr residual sky (dotted line), determined from all of 
the sky fibers in the deep exposure frames. 
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Fig. 2. — Source catalogs for the survey. Top panel shows 
all galaxies in the survey region with {R < 18.5) and bottom 
panel shows all galaxies with (19.5 > R > 18.5). Overlaid 
thick grid represents the fields that have been selected for 
deep R band imaging using the WFI camera. Also overlaid 
are the 2dF fields (large circles). 



frame. The extracted data were then flat fielded using 
the fiber fiat field data and re-binned onto a uniform 
linear wavelength scale, with the wavelength calibration 
for each fiber being determined from the closest in time 
CuHe-|-CuAr arc lamp exposure. The relative through- 
put of each fiber was then determined and the median 
sky generated and subtracted from each spectrum. Since 
good determination of the relative fiber throughput and 
sky subtraction was crucial for the faint galaxy spectra, 
we considered this carefully. We found that through 
using the Skyflux(cor) routine in the 2dF reduction 
package, we were able to produce good throughput cal- 
ibration, and perform sky subtractions to an accuracy 
'--^ 1.5 — 3.0 %. These accuracies are compara ble to those 
obtained bv lWillis. Hewett fc Warred l|200lh . In Fig. |3 
we show the median sky and residual sky for all of the 
faint galaxy exposures. The residual sky was constructed 
by subtracting the median sky spectrum from each of 
the individual sky fibres and then calculating the median 
spectrum of these sky-subtracted sky fibres. This clearly 
demonstrates that the sky subtraction method that we 
have adopted is accurate. For the bright data the over- 



all sky subtraction was of similar quality. Finally, the 
reduced runs were optimally combined and cosmic ray 
events were removed using a 5cr-clipping rejection crite- 
rion. 

3.4. Redshift Estimation 

Redshifts were measured using a modifi ed version of 
the CRCOR code developed for the 2dFGRS ijColless et alJ 
EflOl). This uses bo th cr oss-correlation against template 
spectra l|Tonrv fc Davi£|[T979 ) and identification of emis- 
sion lines to estimate the redshift for each galaxy. The 
set of templ ates used for this a nalysis was the same as 
presented bv'CoUess et alJ l)2001|) . Each redshift estimate 
was visually checked against the galaxy spectrum, and a 
quality fiag, Q, was assigned according to the reliability 
of the estimate. This reliability assessment was arrived 
at through considering the cross-correlation R value and 
the number of identified emission lines. The value of Q 
assigned to each estimate was between 1-5, with 1 be- 
ing no confidence and 5 being extremely confident. In 
all our later analysis we use only galaxies with Q > 3. 
Of the 5875 target objects observed, 3841 had Q > 3. 
Of these 1245 were Q = 3, 2251 were Q = 4 and 345 
were Q — 5. Note that poor weather observations, for 
which only a handful of spectra were measurable, have 
also been included in this accounting. 

During the observing run, 15 galaxies in the Aquarius 
field and 121 galaxies in the Cetus field were targeted 
twice. These repeats provided a useful test of the redshift 
estimation process. In Fig. 0] we plot the difference in 
recession velocity, A(cz) = c(zi — Z2), between the two 
estimated redshifts as a function of the mean redshift (z) 
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Fig. 4. — Comparison of redshifts for targets with repeated 
observations in the Aquarius region (top panel) and the Ce- 
tus region (middle panel). The bottom panel shows targets 
with previously measured redshifts. Plotted are the velocity 
difference A{cz) as a function of the mean redshift of the two 
observations < z >. In all panels, the points represent spec- 
tra for which both of the estimated qualities were, Q > 3. 
The dash lines represents the rms variation. 



of the pair. For the Aquarius field (Fig. 01 top panel), of 
the 15 repeats, 10 of the redshift estimates agreed very 
well with an rms error of 67 km s~^ . For four of the cases 
one of the observations was of poor quality Q < 3, so that 
the comparison was unreliable and we do not show these. 
However, for one of the repeats, the estimates disagreed 
by A(cz) ~ 15,000kms~^, and the quality fiags were 3 
and 4. We then inspected this erroneous pair to ascertain 
whether or not it was a genuine 'blunder'. 

Inspecting the images from the SuperCOSMOS archive 
we found two sources separated by less than 2". Owing to 
the strong likelihood that the spectrum is composite, we 
were unable to trust the spectral features. For the Cetus 
field region (Fig.^jmiddle panel), of the 121 repeats, 70 of 
the pairs had at least 1 galaxy with Q < 3. These we did 



not consider further. Of the remaining 51, we found 11 
pairs with a velocity difference greater than 300 km s~^. 
Inspecting these closer, we found evidence for 3 having 
close companions. Excluding these from the sample we 
then foimd an rms error of 153 km s^^. 

A further test of the redshift estimation procedure was 
performed by comparing our sample with overlap galaxy 
redshifts extracted from the NED ^. From this archive 
we found 42 literature redshifts that overlapped with our 
Aquarius survey region. No redshifts were available for 
the Cetus region. Fig. 0] (bottom panel) shows the ve- 
locity differences from this comparison. For these data 
we initially found an rms error of ~ 4000 km s~^. 
However, on identifying and removing a single observa- 
tion for which A(cz) = 26,400 km s~^, we found that 
the rms dropped to ~ 160 km s~^. For this NED 
ga laxy, we traced th e redsh ift measurement to the work 
of iColless fc HewetO l|1987f) . who reported that the esti- 
mate for this object was not safe and was rejected from 
their analysis. This leads us to conclude that our overall 
blunder rate for measuring redshifts is low. 

4. CHARACTERIZING THE SAMPLE 
4.1. The Rest-frame Spectra 

Fig. O presents a selection of 'early-type' rest frame 
galaxy spectra with redshifts around the median for the 
survey, (0.15 < z < 0.25). These were generated by lin- 
early interpolating over important sky absorption bands, 
de-redshifting each spectrum and then linearly interpo- 
lating it on to a uniform wavelength scale with range 
3500A< A <7000A and pixel scale 5.83A per pixel. 

We now calculate the mean and median signal-to-noise 
rest-frame spectrum as functions of quality class, magni- 
tude and redshift as diagnostics for the sample. Fig. 
top panel, shows the mean and median S/N spectrum 
for galaxies with Q > 3. For both mean and median, 
the general shape of the spectrum is close to that of an 
early- type galaxy, but with emission lines superposed. 
Furthermore, the average galaxy spectrum in the sample 
has a S/N better than 10. 

Fig. El middle panel, shows the median spectrum by 
quality class. It is apparent that nearly all of the features 
in the high quality spectra are discernible in the lower 
quality spectra, but with lower strength absorption and 
emission features. Quantitatively, the Q = 3 and (3 = 4 
spectra possess a S/N level a factor of ^ 4 and ~ 2 lower 
than the Q — 5 spectra. 

Fig. El bottom panel, shows the result of splitting 
the sample into three bins in magnitude: R > 19.0; 
19.0 > R> 18.0; and R < 18.0. For the brightest two 
bins, the median spectral energy distributions are better 
than S/N = 10, but for the fainter bin galaxies the S/N 
is lower, being ~ 6. This indicates that these objects 
are only just being detected. However, there is clear evi- 
dence of characteristic emission and absorption features, 
which indicates that for most cases, the correct redshift 
has been assigned to these galaxies. The absence of H^ 
emission can be attributed to two effects: The first is 
that the faint objects are predominantly at higher red- 
shifts and so have had the red part of their spectrum 
redshifted out of the frequency bandwidth for our obser- 

^ NED: NASA/IPAC Extrag alactic Database, can be found at: 
|http : //www. ipac ■ caltech.edu] 
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Fig. 5. — Selection of rest frame spectra. Tiie panels on the left show spectra from the bright (R < 18.5) survey and those 
on the right show spectra from the faint (19.5 > R > 18.5) with redshifts (0.15 < z < 0.25). Going from top to bottom shows 
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each figure denote interesting absorption/emission features. 



vations; the second is that since our sample contains a 
large number of low-redshift clusters we are preferentially 
biased to observing low-luminosity cluster ellipticals. 

Finally, in Fig. 13 we consider the median by red- 
shift. We have split the sample into three bins in red- 
shift: z < 0.1; 0.1 < z < 0.2; z > 0.2. Considering the 
first redshift bin, z < 0.1, the median spectrum is of high 
S/N, is flatter than a typical early-type spectrum, and 
has weak absorption features and fairly strong emission 
lines. The median spectrum for the next redshift bin, 
0.1 < z < 0.2, again is of good S/N, is similar to an 
early type spectrum but with emission lines superposed. 
For the highest redshift bin, z > 0.2, we find that the 
median spectrum shows strong characteristics of being 
an early-type galaxy, but with strong O II and O III 
emission features. Again, the absence of Ha emission 
can be understood from the arguments discussed above. 



It is possible that some of this evolution of the median 
spectrum with redshift may be due to true evolution in 
the galaxy populations. However, it is more likely due 
to selection effects. Since the Aquarius fields are cluster 
rich, we should expect a large number of cluster ellipti- 
cals in the intermediate redshift bins, whereas for the low 
redshift bins, we expect a more even mix of early- and 
late-type galaxies. Owing to the flux limit, the higher 
redshift bin will be dominated by bright ellipticals and 
also bright spirals, which accounts for the strong emission 
line and absorption features. 

4.2. Spatial Distribution 

Figs IHl and 1^1 show the cone plots for all galaxies with 
Q > 3 in the Aquarius and Cetus field regions, respec- 
tively. In order to show the large-scale structure more 
clearly, the right ascension direction of the plots has been 
stretched out by a factor of 10 and thus the apparent 
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Fig. 6. — The mean and median S/N rest-frame galaxy 
spectra of the sample. The top panel presents the median 
(solid line) and mean (dotted line) galaxy spectrum for all 
of the galaxies with Q > 3. The middle panel presents the 
median galaxy spectra for the three different quality classes. 
The bottom panel presents the median galaxy spectra that 
result when the galaxies are divided into bins in magnitude: 
19.5 > i? > 19: 19 > i? > 18: and 18 > R. 



transverse filamentary features should be viewed circum- 
spectly. Nevertheless, it is clear that there is strong clus- 
tering in the distribution of galaxies. In particular, the 
Aquarius region shows strong features at z ^^0.08, 0.11, 
0.125, 0.14, 0.19 and 0.3, and the Cetus region shows fea- 
tures at z 0.11, with also evidence for a void between 
0.18 < z < 0.20. 

Fig- EH shows the redshift distributions of the galaxies. 
Considering the Aquarius field, the z = 0.11 superclus- 
ter established bv lBatuski et al.l fl999) is seen as a spike 
superposed on a broad hump between 0.1 < z < 0.15. 
However, there is also another strong spike at z ^ 0.08, 
and as we show in §7 this represents a further super clus- 
ter. Considering the Cetus region, there is evidence for 
three major structures at z ~ 0.11, 0.16 and 0.23. Fur- 
thermore, the lack of galaxies between 0.18 < z < 0.20 
supports the case for the void indicated in the cone plots. 
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Fig. 7. — The median rest-frame spectra by redshift. The 
galaxy sample has been split into three bins in redshift space 
these are: all galaxies z < 0.1 (top panel); all galaxies with 
0.1 < z < 0.2 (middle panel); all galaxies z > 0.2 (bottom 
panel) . 



We have also fitted the commonly used analytic ap- 
proximation of Efstathiou & Moodv ( 2001,) to these dis- 
tributions, which has the form 



dN{z)cx z^exp -{Bz/z) 



dz , 



(1) 



where i3, C are to be determined from the fitting, and 
z is the median redshift for the distribution. However, 
from Fig. EH it is clear that this model fails to describe 
the complicated features in our distributions. We remark 
that any lensing analysis of small field surveys that as- 
sumes smooth redshift distributions as is exemplified by 
equation (Q, must be viewed cautiously. For any future 
analysis where this distribution is required we will adopt 
a polynomial fit to the data. 

4.3. Survey Completeness 

As a final diagnostic, we map out the completeness 
distributions as a function of position on the sky. Fur- 
thermore, owing to the splitting of the source catalog 
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Fig. 8. — Cone plot for Aquarius region. Tiiis sliows all 
galaxies with Q > 3. Circles indicate cluster candidates from 
§5, where sizes are scaled by the estimated velocity dispersion 
(see Table CJ. 



into two broad magnitude bins, we generate completeness 
masks for the bright and the faint samples separately. 
These masks were created as follows: For each magnitude 
range, the number of target galaxies and the the num- 
ber of successful redshifts were counted in square cells of 
roughly 11' on a side, the completeness for that cell was 
then estimated as the ratio of these numbers. The un- 
certainty on each estimate was determined by combining 
the Poisson errors on the two counts in quadrature. Fi- 
nally, a local completeness value was associated to each 
galaxy through a bi-linear interpolation of the complete- 
ness map corresponding to the galaxy magnitude. Figs 
[TTl and ^] show the completeness distribution for the 
Aquarius fields, and Figs 1131 and 1141 show the complete- 
ness distribution for the Cetus region. 

5. CLUSTER DETECTION 

We now identify clusters and large groups in the 
Aquarius and Cetus regions from the redshift data. In 
addition to our 2723 [Q > 3) 2dF redshifts for Aquarius, 
we also used 31 redshifts taken from the NED archives 
for this analysis. Possible duplicates were rejected by re- 
quiring that any galaxy with a NED redshift should be 
separated by > 5" from any galaxy in our 2dF redshift 
catalog. These literature redshifts were included in the 
survey completeness estimates described above. 



'2000 



21" 03''18' 

_J L 




Fig. 9. — Similar to figure|Sl but for the Cetus region. 



The cluster candidates were identified as follows: First, 
we generated smoothed images of the galaxy distribution. 
This was done for a series of redshift planes running from 
Zp = to Zp = 0.42, separated by A(cz) = 1000 km s~^. 
In generating these maps each galaxy was weighted by 
the inverse of the local survey completeness and Gaussian 
weighted (with a — 1000 km s~^) according to its differ- 
ence in radial velocity from the redshift plane. These 
frames were all of size 832 x 832 pixels with pixel scale 
14.875"/pixel. These were then smoothed in the angu- 
lar direction with a 2D Gaussian of scale i'Si" / Zp. For 
the nearest cluster in our catalogue, z ~ 0.06, this corre- 
sponded to a physical smoothing scale of ^ 450kpc/i"^ 
and for the most distant cluster at z ^ 0.3, a scale of 
- 350kpc/i"^ 

Next, we located the peaks in the smoothed frames. 
This was done using the peak finder algorithm in the 
IMCAT software package (jKaiser. Squires k. BroadhurstI 
119951) . In accord with the image generation, we detected 
peaks using a Gaussian smoothing filter with a radius of 
33"/zp. The peak detection threshold was set to be a 
low significance threshold v = 2. A "galaxy flux" was 
then associated to each of the identified peaks, by sum- 
ming over all pixels within 33"/zp from the central pixel. 
All peaks below a flux threshold of 375 galaxies were re- 
jected. This cutoff level was arrived at by determining 
the highest peak height that would allow us to recover all 
of the previously known clusters in the flelds. In prac- 
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Fig. 10. — Redshift distributions of the galaxies with Q > 3. 
The top panel represents the total redshift distribution for 
all of the galaxies in the two regions; the middle panel, the 
galaxy distribution in Aquarius; and the bottom panel the 
galaxy distribution in Cetus. The dash line in each panel 
corresponds to an analytic fit to each distribution. 



tice, our detection scheme would typically recover the 
same structure in several adjacent redshift planes. We 
rejected such duplicates, by identifying those peaks that 
had a corresponding peak with higher flux in a neigh- 
bouring plane and that were separated by less than one 
Abell radius Ra = 1'7/z. 

As a first approximation, the redshift of each candi- 
date cluster was assumed to be that of the plane Zp. 
We then defined as cluster members all galaxies within 
a radial velocity interval of width /S.{cz) — 6000 kms~^, 
centered on the estimated cluster redshift. Finally, we 
generated a cluster catalog containing clusters that had 
A'^ > 9 members with spectroscopically measured red- 
shifts. This selection criterion was motivated by the de- 
sire to have enough redshifts to make at least a rough 
estimate of the cluster velocity dispersion (see the fol- 
lowing section) . The final cluster catalogs contain a total 



of 48 identified objects in Aquarius (see Tabled and 14 
clusters in Cetus (see Table EJ. 

In these Tables, column (1) is the identifier in our cat- 
alog, where we have adopted the naming conventions 
"AQ HHMM.M(-h/-)DDMM" for the Aquarius clusters 
and "GET HHMM.M(-|-/-)DDMM" for the Cetus clus- 
ters. The last nine digits are the celestial coordinates 
of the objects, which we take to be the position of the 
peaks in the smoothed galaxy distributions. Here, the 
right ascension is given in units of hours and minutes, 
with one decimal, and the declination is given in units of 
degrees and arc-minutes. The precision of these coordi- 
nates may vary significantly for different clusters because 
of variations in survey completeness as a function of sky 
position (see Figs 1111 - I14|) . Furthermore, we note that 
the minimum distance between the 2dF fibres limits our 
spectroscopic sampling in the densest parts of the clus- 
ters, and this limits the precision of positional estimates 
based on our spectroscopic data only. Such sampling re- 
strictions will also limit the detection efficiency for the 
more distant clusters, which cover a smaller sky area. An 
updated catalog with more accurate coordinates for the 
center of each cluster will be reported in a future paper, 
based on our B- and ii!-band imaging data from the ESO 
WFI. 

5.1. Aquarius Region 

In column (2) of Tabled we give the ACO cluster cat- 
alog name or if the cluster does not have an ACO identi- 
fier, then we give the AqrCC catalog name (Caretta02). 
Of the 23 previously known clusters in our Aquarius sur- 
vey region, we are able to robustly identify 20, of which 
five had previously unknown redshifts and two appear to 
be multiple systems. In addition to these, two previously 
known clusters (A2541 and A2550) are recovered by our 
detection method when we include 58 literature redshifts 
for galaxies that are just outside our survey region and 
that are fainter than R = 19.5 (see next section for de- 
tails). The only previously known system that we fail to 
detect is the cluster candidate AqrCC 43, which is a peak 
in the 2D galaxy distribution on the sky (Caretta02), lo- 
cated close to the Northern edge of our survey region. 

Table ^ also contains data for 26 additional clusters 
that are previously unknown systems. Figure 1151 shows 
radial velocity histograms for the 48 clusters identified 
with the methods described here. Figure 1161 shows the 
cluster distribution in Aquarius projected on the sky. 
Each cluster is represented by a circle, where the scale 
of the circle is proportional to the Abell radius for the 
cluster. 

5.2. Cetus Region 

In the typical field region in Cetus, our cluster detec- 
tion method recovers 12 new galaxy clusters in addition 
to the 2 previously known clusters identified in column 
(2) of Table[21 FigurelTTIshows radial velocitv histograms 
for all 14 clusters. Figure IT51 shows the cluster distribu- 
tion projected on the sky. Each cluster is represented by 
a circle, where the scale of the circle is proportional to 
the Abell radius for the cluster. 

6. CLUSTER REDSHIFTS AND VELOCITY DISPERSIONS 

We now present estimates of the centroid redshifts and 
the velocity dispersions for the cluster candidates. Ow- 
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RA [J2000] RA [J2000] 

Fig. 11. — Bright completeness maps. Panel (a) shows the total surface density of galaxies in the target area with R< 18.5 
counted in 10.9' pixels. Panel (b) shows the surface density of bright galaxies with redshift measurements Q > 3. Panel (c) 
shows the redshift completeness. Panel (d) shows the rms uncertainty on the completeness estimates. 
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Fig. 13. — Cetus region completeness masks for the bright galaxy catalogue: R > 18.5. Individual panels are identical to those 
of Fig. El 
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Fig. 14. — Cetus field region completeness masks for the faint galaxy catalogue: 18.5 <R< 19.5. Individual panels are identical 
to those of Fig. [TTl 
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TABLE 1 

Cluster Redshifts and Velocity Dispersions for the Aquarius Region 



ID 


other ID 


N 


z 




Zlit'^ 


<7p (kms 1) 


Asym. index 


Tail index 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


AQ2308.5-2124 




12 


0.0847irooo6 






5201^0 


-0.212 


0.705 


AQ2308.7-2209 




9 


IQQ'^+0-0003 






382lfi« 


-0.007 


1.281 


AQ2308. 8-2133 


A2539 


13 


0.n82t°oZA 


4 


0.1863 


1383+117 


-0.522 


0.980 


AQ2308.8-2214 




16 


0.136ll~ 






614+150 


-0.207 


1.054 


AQ2309.6-2210 


A2540 


38 


U.104U_Q QQ06 


8 


0.129 


978lif 


-0.643 


0.800 


AQ2309.9-2132 


AqrCC 24 


25 


l097+'' «»6 

U.lUy / _Q QQQ4 


7 


0.1109 


70lljf 


0.902 


1.114 


AQ2310.5-2155 




18 


U.ilU/ _Q QQQ2 






389l?g? 


0.024 


1.522 


AQ2310.6-2238 


A2546 


38 




22 


0.113 


901+70 


-0.992 


0.955 


AQ2311. 1-2134 




12 


\j.±o±O q 0012 






77Q-I-79S 
' ' ^—180 


-1.102 


1.339 


AQ2311.1-2135 




14 


QQQ9 






957l?|i 


0.856 


0.777 


AQ2311.4^2126 


AqrCC 32a 


19 


0.1647lo:»™!i 






Q1 9+613 
^ — 293 


-0.215 


2.271 


AQ2311.4-2134 


AqrCC 32b 


11 


0.1520lo:»<><>« 






621+«*[ 


0.171 


1.686 


AQ2311. 8-2158 




18 


0-1545lO-Oooi 






5621343 


0.783 


1.574 


AQ2312.2-2129 


A2554 


71 


1106+0 0003 
u.iiuU q 0003 


35 


0.1108 


680l|^ 


0.297 


1.074 


AQ2312.3-2202 




15 


1601+0-0007 

u.±uul_o 0012 






1123li^| 


0.319 


1.125 


AQ2312.5-2205 




12 


0891+0-0004 






820+111 


0.431 


1.627 


AQ2312.6-2248 


AqrCC 34 


11 


1990+"'"""^ 
u.±yyu_Q 0004 






37411°! 


-0.758 


1.408 


AQ2312. 8-2209 




30 


1QQ7+0.0003 
u.±ou 1 _Q 0003 






507101 


-1.088 


0.956 


AQ2312.8-2213 


A2555 


23 


0.110910-0002 


11 


0.1106 


366+120 


0.172 


1.628 


AQ2313.1-2135 


A2556 


46 


0.088110-0004 


9 


0.0871 


816+if 


0.068 


1.434 


AQ2314.1-2145 




9 


3047+0-0009 






447l|i| 


0.736 


1.065 


AQ2314.2-2241 




9 


1S06+0-0005 

U.10UD_o 0004 






288+1111 


-0.198 


3.138 


AQ2314.5-2118 




17 


0.1495lOo-r? 






10481*03 


-0.081 


1.412 


AQ2314.8-2119 


A2565 


16 


0.084510-0006 


12 


0.0825 


5841114 


1.155 


1.130 


AQ2315.0-2223 




14 


0.085710-00^2, 






10771^28 


1.160 


0.728 


AQ2315.1-2149 




16 


0.0873lo:ooo3 






47813J3 


-0.180 


1.083 


AQ2315.7-2138 




9 


n 19c;'?+0.0004 
u.izoo_o 0003 






309+3^1 


-0.697 


2.161 


AQ2316. 4-2143 




9 


0.062010-0008 






1016lio,f 


0.039 


1.655 


AQ2316.8-2233 




10 


0.099510-OOOJ 






826l|30 


1.107 


1.577 


AQ2317.2-2212 


A2568 


16 


n 1 QSo+0.0005 
u.looo_o 0005 


6 


0.1397 


4881J6 


-0.443 


0.724 


AQ2317.3-2213 




15 


0643+0-0002 
u.uu'±o_o 0002 






152lif 


-1.126 


3.054 


AQ2317.4-2223 


AqrCC 48a 


15 


0874+0-0009 

u.uo/4_0 0008 


5 


0.0827 


654lt°i 


-1.484 


1.178 


AQ2317.9-2152 




10 


1405+0-0006 






314li«2 


1.341 


1.222 


AQ2318.1-2135 




9 


1209+0-0013 






1202l^f3 


0.257 


2.025 


AQ2318.6-2135 




15 


-|-| -|c: + 0:0032 






1586l«iii 


0.070 


0.678 


AQ2318.9-2232 


AqrCC 48b 


14 


0894+0-0003 
U.UO94_0 0007 


5 


0.0827 


417l?«i 


-0.851 


0.940 


AQ2319.7-2140 


AqrCC 56 


23 


0849+0-0003 
u.uo4a_Q 0003 






340l4« 


-0.490 


0.755 


AQ2319. 8-2203 


A2575 


16 


n 97Q1 +0.0011 
u.^roi_Q 0010 






1200l?« 


0.016 


1.134 


AQ2319.8-2227 


A2576 


29 


n isQc;+0 0006 
u.i»yti_o 0006 


9 


0.1876 


887+131 


0.048 


1.047 


AQ2320.1-2238 




9 


n 19qt:+0.0004 
u.izoo_o 0005 






305+116 


0.440 


0.854 


AQ2320.8-2255 




10 


1496+0-0003 
u.-iiau_Q 0002 






18211J62 


1.048 


0.610 


AQ2320.8-2304 


A2577 


11 


o.i256iroro^ 


7 


0.1248 


496l2f 


-0.584 


1.222 


AQ2320. 8-2308 


A2580 


18 


0.0890l0;0009 


17 


0.0890 


10131?!? 


-0.909 


1.058 


AQ2321. 1-2128 




9 


1410+0-0002 
U.i4iU_o 0004 






264+554 


0.599 


3.069 


AQ2321.3-2135 


A2579 


30 


1103+0-0004 
U.liUO_(, 0004 


9 


0.1114 


5431^? 


-0.706 


1.110 


AQ2321.3-2224 


AqrCC 62 


9 


103^+0-0004 

u.iycio_Q 0005 






4171138 


0.010 


1.359 


AQ2321.7-2147 




17 


n 1OOQ+0.0003 
U.1Z00_Q 0003 






416l?4| 


-0.085 


2.382 


AQ2322. 1-2205 


A3996 


17 


n ll9'^+0-0003 
U.11^0_Q 0011 


6 


0.0854 


84ll!i| 


-0.625 


1.634 



Note. — See the text for further comments on specific clusters. 
''The literature redshifts are all taken from Caretta02. 
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Fig, 15, — Velocity histograms for the 48 clusters identified in the Aquarius region. The properties of each cluster are listed in 
Table □ 
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Fig, 16. — 2D plot of the distribution of the identified clusters in the Aquarius region (left panel: Clusters with z < 0,12; right 
panel: Clusters with z > 0,12), The member galaxies for all clusters with A*' > 9 spectroscopically determined galaxy redshifts 
are indicated by the asterisks, and the Abell radius Ra of each cluster is indicated by the circles. 
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ing to the modest number of observed galaxies per clus- 
ter, typically between 9 and 71, it was important to use 
robust statistical estimators to avoid problems caused 
by e.g., deviations from a Gaussian velocity distribution 
and contamination from fore- and background galaxies. 
We therefore use t he biweight estimators of location and 
scale described bv lBeers et al.l (|i,990), to measure veloc- 
ity dispersions and centroid redshifts. Confidence inter- 
vals for the estimates were calculated using the bias cor- 
rected and accelerated bootstrap method l)Efronl[T987[l 
with 10,000 bootstrap replications. These robust esti- 
mators and methods for determining confidence intervals 
hav e been well t ested on redshift samples like ou rs (see 
e.g., Bee rs et al.l ll99 0: Girardi et al. 1993: Borgan fet al.l 
Il999t llrgens et al.l 12002 ). Our statistical analysis was 
performed using the ROSTAT program kindly provided 
by Dr. T. G. Beers. 

The cluster redshifts and one-dimensional velocity dis- 
persion estimates, together with 68% confidence lim- 
its, are presented for the Aquarius region in Tabled as 
columns (4) and (7) and for the Cetus region in Table |21 
as columns (4) and (6). Figures |S| and HI show the cluster 
candidates overlayed on the measured galaxy distribu- 
tion. 

Golumn (3) in both tables shows the number of galaxy 
redshifts used in these estimates for each cluster. We 
note that from the sample, there are 15 clusters for which 
estimates were derived from only 9 redshifts, and as ex- 
pected these have respectively large confidence limits for 
the velocity dispersion estimates. Previous redshift es- 
timates have been made by Caretta02 for a total of 15 
clusters in our Aquarius survey region (one of which we 
identify as a double system). These values are listed in 
column (6) of Tabled and the number of cluster mem- 
bers used for their redshift estimate is given in column 
(5). We find very good agreement with the literature 
redshifts for 12 clusters, while 3 clusters have discrepant 
redshift values. These cases are discussed in detail below. 
However, we point out that our estimates are based upon 
more (in most cases many more) galaxies than Garetta02. 
In the Cetus region, Romcr et al. (2000) have published 
a redshift for a single cluster, listed in column (5) of Ta- 
ble El which is consistent with our value. 

Columns (8) and (9) of Tableland columns (7) and 
(8) of Table [5| show the asymmetry index and normal- 
ized tail index defined by Bird & Beers (1993). For a 
Gaussian distribution, the asymmetry index is zero and 
the normalized tail index is unity. Large deviations from 
these numbers are a strong indication that the cluster is 
not in dynamic equilibrium, or that it is strongly con- 
taminated by non-cluster galaxies, i.e., that the found 
velocity dispersion is not to be taken as a good mea- 
surement of its dynamical mass. For our sample sizes, 
an asymmetry index with absolute value larger than 0.9 
and/or a reduced tail index larger than 1.5 (somewhat 
higher values for the clusters with N < 25) should sig- 
nify that the cluster velocity dispersion is suspect. We 
see that the bootstrap method gives large confidence lim- 
its on the velocity dispersions for these clusters. 

We have made some notes on specific clusters: 

A2539 — Caretta02 report that this cluster appears to 
be a superposition of groups at z ^ 0.175 and z ~ 0.186. 
Our redshift estimate falls between these two values, but 
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Fig. 17. — Velocity histograms for the 14 clusters identified 
in the Cetus region. The properties of each cluster are listed 
in Table H 
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Fig. 18. — 2D plot of the distribution of the identified clus- 
ters in the Cetus region. The member galaxies for all clusters 
with A'^ > 9 spectroscopically determined galaxy redshifts are 
indicated by the asterisks, and the Abell radius Ra of each 
cluster is indicated by the circles. 



is more consistent with the lower value. The rather high 
estimated velocity dispersion could be caused by such a 
superposition of two groups along the line of sight, al- 
though the asymmetry index and the normalized tail in- 
dex do not indicate a significant departure from a Gaus- 
sian distribution. 

A254O — Our redshift value of z = 0.134 is signifi- 
cantly higher than the value of z = 0.129 measured by 
Caretta02. However, our estimate is based on a signifi- 
cantly larger number of redshifts. 

A2546 — This appears to form a double system with 
nearby A2541, which is located near the Southeastern 
end of our survey region. By including additional lit- 
erature redshifts of galaxies located slightly outside our 
survey region, we measure a redshift z — 0.11241q qq}^ 

and velocity dispersion of 9951^423 km s^^, based on 11 
member galaxies. This redshift value is consistent with 
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TABLE 2 

Cluster Redshifts and Velocity Dispersions for the Cetus Region 
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Tail index 
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^The literature redshift is taken from lRomer et 



the redshift reported by Caretta02 (z — 0.1135, based on 
16 galaxies). 

AQ2311. 4-2126 — The coordinates of the cluster candi- 
date AqrCC 32 identified by Caretta02 places it between 
our clusters AQ2311.4-2126 and AQ2311.4-2134, and it 
is most likely a superposition of these two clusters. 

A2550 — While this cluster was not recovered using 
our standard detection scheme outlined in § |S1 a sig- 
nificant peak was detected at this location when us- 
ing all available literature redshifts in the region. We 
note that the apparent center of this cluster is located 
in a region where the completeness of our spectroscopic 
survey is particularly low (see Figs. ITTI and [T^ . Our 
measured redshift value z = 0.11511q oq?3, based on 
14 galaxies, is discrepant from previously reported es- 
timates: Care tta02 give a value z = 0.12 2 6 fro m 6 
galaxies, while IKowalski. Ulmer fc Cruddacd ljl983j) re- 
ported z — 0.1543 based on a single redshift measure- 
ment. The latter value is close to the redshifts of the 
clusters AQ2311.4-2136 and AQ2311.4-2134 which are 
both located within ~ 0.5° from the AGO position of 
A2550. On inspection of a deep i?-band image of this 
field, from our ESO WFI data (Dahle et al. 2004; in 
preparation), we find that the bright elliptical galaxy 
2MASX J23113576-2144462 is dominating the center of 
A2550. Its redshift was measured as z = 0.1216 by 
iBatuski et al., 1,1999.) , similar to the cluster redshift value 
reported by Caretta02. Furthermore, we note that line- 
of-sight contamination from the very rich nearby clus- 
ter A2554 may have influenced our results, and the high 
velocity dispersion (I427I21Q knis~^) and asymmetry in- 
dex (1.4) of our galaxy sample indicates that we may be 
probing a filamentary structure linked to A2554 rather 
than A2550. 

A2554 — Base d on 23 cluster members, 
iColless fc Hewetd lll987D measured a velocity dis- 
persion of 797li[24 km s~^, consistent with our estimate 



at the la level. 

A2565 — Our redshift value is slightly discrepant from 
that reported by Caretta02, but our cluster position is 
also significantly mis-aligned with their position. We 
note that this cluster is located in a region where the 
spectroscopic completeness value is particularly low, and 
our position is shifted in a direction towards a region 
where the completeness is higher. Thus, we are probably 
sampling a slightly different region than Caretta02, and 
the high asymmetry index indicates that our redshift es- 
timate may be significantly affected by filaments or other 
structures outside the virial radius of the cluster. 

AQ2317.4-2223— The coordinates of the cluster candi- 
date AqrCC 48, described by Caretta02 as "a superpo- 
sition of small groups" , places it between our clusters 
AQ2317.4-2223 and AQ2318.9-2232, and it is most likely 
a superposition of these two objects. 

A2576— 'Batuski et al." (1995") reported a velocity dis- 
persion measurement of 630 km for this cluster, 
which is somewhat lower than the value we measure. 
However, their measurement is based on only 10 mem- 
ber galaxies, so the uncertainty should be significantly 
higher than for our measurement. 

AQ2321. 3-2224 — This cluster probably corresponds to 
the cluster candidate AqrCC 62 reported by Caretta02. 
While these authors did not detect a concentration in 
redshift space at this location, we find from our data 
a corresponding galaxy group (or poor cluster) at 2; ~ 
0.193. 

A3996 — While the redshift measurement of Caretta02 
(z = 0.0854) is significantly lower than our value, these 
authors report A3996 to be a superposition of small 
groups. Our redshift va l ue is quite similar to that re- 
ported bv IBatuski et all l)1999j) {z = 0.1155), based on 
8 redshifts. The high tail index and highly uncertain 
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velocity dispersion indicate that this cluster may be sig- 
nificantly affected by foreground/background contamina- 
tion. 

7. THE AQUARIUS SUPERCLUSTERS 

Based on a per colation analysis of A bell and AGO clus- 
ters in Aquarius. iBatuski et al.l ((199^ interpreted the re- 
gion at 0.08 < z < 0.12 as a single supercluster structure. 
In contrast, Caretta02 found that the Aquarius region 
contains two separate superclusters, seen in projection, 
at z ~ 0.08 and z ~ 0.11. While Batuski et al. (199^ 
argued that these two superclusters are physically linked 
and form a single system, most of the evidence for this 
link came from an erroneous redshift for A2541. In fact, 
this cluster is situated within the densest portion of the 
most distant of the two superclusters rather than in a re- 
gion between the superclusters. The cone plot of Fig. 
clearly shows strong clustering at z '--^ 0.08 and z ~ 0.11, 
separated by a region of comparatively low density. 

The overdensities and total masses of these structures 
can be estimated from the measured galaxy velocity dis- 
persions of their member clusters. A lower limit on the 
supercluster mass can be found by summing the esti- 
mated masses of all the clusters within their respective 
virial radii, and an upper limit can be found by assuming 
a given cluster density profile and integrating this for all 
clusters over the volume covered by the supercluster. 

We assume that the clusters generally follow 
the density profile of cold dark ma tt er ha los pro- 
posed by iNavarro. Frenk. fc White! ljl997l here- 
after NFW). While this model has been shown 
to provide a good fit to the radial cluster den- 
sity pro file in the virialized region of clusters 
(^rabadiis^JBaiitz^_&_G^jmird HiOQ^ |BmailQrfc,IjiraJdJ 
HOO^ .Dahle. Hannestad. fc Sommer-LarsenI l2003bi). 
there are currently only limited constraints on the 
density profile in the infall region beyond the virial 
radius |Eines et al. 2003; Kneib et al. 2003). Also, 
clusters embedded in the rare, high-density environment 
of a supercluster may have density profiles that deviate 
significantly from those of average clusters. With our 
weak lensing data set from WFI imaging, we will be 
able to directly constrain the density profiles of clusters 
within the superclusters and provide more accurate 
estimates of the supercluster masses. Our density 
estimates given below do not take into account any 
redshift space distortions due to departures from the 
Hubble flow. In reality, the cluster distribution could 
be either flattened or elongated in the z direction by 
cluster peculiar velocities. 

For each cluster, we assume an NFW model with an 
effective velocity dispersion = y/50H{z)r2oo, where 
H{z) is the Hubble parameter, and r2oo is the radius 
within which the average mass density is 200 times the 
critical density at the relevant redshift. The average mass 
within r2oo of the members of the superclusters discussed 
below is (M200) ~ 4 X lO^/i^^Af©. For this cluster mass, 
an NFW cluster in a ACDM universe has a predicted 
concentration parameter C — 6, which we will adopt as 
a general value. In a ACDM universe, the virial radius is 
actually slightly larger than r2oo, while the two are the 
same in an Einstein-de Sitter universe. 

7.1. The z ^ 0.11 Supercluster 



As noted in § |3 IBatuski et all l)1999|) identified a par- 
ticularly dense knot of five R> 1 AGO clusters contained 
within a sphere of radius 10 Mpc at z = 0.11, rep- 
resenting a spatial number density 150 times the mean 
density of i? > 1 AGO clusters. By this measure, the 
Aquarius knot represents the strongest overdensity of any 
known supercluster. The knot is very obvious in Figure|Sl 
and corresponds to the densest part of the supercluster. 

All of the 5 AGO clusters forming the knot noted by 
IBatuski et all lliggQ) are located within our survey field. 
In § El (see the note regarding A2546) we provide a new 
redshift estimate for another R> 1 AGO cluster, A2541, 
which makes it a sixth member of the knot. In addition, 
we find that AqrGG 24 plus two previously unknown sys- 
tems are also members of the knot at z = 0.11. 

The lower limit on the supercluster mass obtained 
from the sum of the M200 values of the nine clusters 
within our survey region is 4.5 x 10^^h~^MQ. Integrat- 
ing NFW density profiles for the nine galaxy clusters over 
the volume bounded by 23'^09"00'' < a < 23'^22"^30^ 
-23°10' < 6 < -21°15' and 0.109 < z < 0.114, corre- 
sponding to a volume of 17 x 8.5 x 15/i~^Mpc'^, gives an 
estimate of the total mass of 8.3 x IO^^H'^Mq. The lower 
and upper limits for the mass correspond to overdensities 
oi p ~ 17p and p ~ 330p within this volume. 

7.2. The z ~ 0.08 supercluster 

We identify 11 clusters and groups in the most nearby 
Aquarius supercluster at 0.084 < z < 0.091, of which 
three are AGO clusters, three more were detected by 
Garetta02 (AqrGG 48, which we interpret to be a bi- 
nary system, and AqrGG 56), and the remaining five 
are new detections. The sum of their M200 masses is 
3.2 X 10^^h~^MQ, and their integrated masses over a vol- 
ume of 15 X 7.9 X 20h-^Mpc^ (bounded by 23''08'°00'' < 
a < 23h22'"30% -22°55' <S < -21°15' and 0.084 < z < 
0.091) is 8.3 X IO^^H-^Mq. The lower and upper hmits 
for the mass correspond to overdensities of p = I3p and 
p = 330p within this volume. We note that our Aquar- 
ius survey field is too small to encompass the entire su- 
percluster, and Garetta02 identify several supercluster 
members outside our field. 

The integrated masses of the z = 0.11 and z = 0.08 
structures are similar to the upper limit on the mass of 
the Gorona Borealis supercluste r (M < 8 x lO^^h^^ Mq) 
estimated bv I Small" etal] iITqqI . 

8. SUMMARY 

In this paper we have presented a spectroscopic analy- 
sis of ^ 4000 galaxies down to i? < 19.5 in the direction 
of Aquarius and Getus. These observations form part of 
our wider efforts to conduct a spectro-photometric and 
weak lensing survey of these two regions. The spectro- 
scopic data are sensitive to structures out to ~1 Gpc or 
equivalently z ^ 0.4. These data will greatly aid our on- 
going efforts to measure the dark matter distribution in 
these regions and quantify the bias over a large range of 
scales and environments. 

We described the survey that we are conducting, fo- 
cusing on the spectroscopic input catalogue. We then 
presented our 2dF observations and the reduction of the 
spectra. We characterized the spectroscopic sample by 
considering the median spectra, finding evolution of the 
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median galaxy spectrum with redshift. This evolution 
was attributed to selection effects, rather than any true 
evolution in the galaxy population. We presented spa- 
tial diagrams for the two target regions and also quanti- 
fied the number redshift distributions. These displayed 
a large amount of structure and were poorly fit by a 
2dFGRS-like number redshift distribution. For our fu- 
ture lensing analysis, where these quantities are required, 
we will use direct fits to the data. Using the full red- 
shift space sample we then identified clusters in both the 
Aquarius and Cetus regions. In Aquarius we found a 
total of 48 clusters and galaxy groups, 26 of which had 
not before been noted, and for 5 of those that had, we 
provided the first spectroscopic redshift estimates. For 
Cetus we found 14 clusters and galaxy groups, of which 
12 were previously unknown systems. For each candidate 
system we then provided estimates of the centroid red- 
shift and velocity dispersion. We showed that there are 
two superclusters in Aquarius, one at redshift z = 0.08 
and the other at z = 0.11. For these we estimated the 
overdensities and total masses, finding that they were 
similar to the Corona Borealis supercluster. 

In the future, we intend to characterize the galaxies 
through their spectral ener gy distributions using a prin- 
cipal components analysis ijMadgwick et aljl2002j) . This 
will allow us to explore the putative result that early- 
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type galaxy light is an unbiased tracer of the dark matter 
lIKaiser et akllloM IGrav et al.ll200l IDahle et alj r20021 . 

In addition to the primary goals, we anticipate that when 
fully complete this survey will provide other valuable 
scientific information. For example, comparison of the 
weak lensing data with the optically identified clusters 
and with the archival X-ray data, will allow us to assess 
the objectivity of optical and X-ray luminosity selection 
methods for cluster surveys (Dahle et al. 2003^. This 
will be important to quantify if cluster abundance sur- 
veys that aim to constrain cosmological parameters are 
to be taken seriously in this new age of precision. 
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